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In the Siiecification 

Pl ease insert iht^ followi ng pameranhs at oaac 6. beginning at lino 24 of the specification : 

In unoihcr cmbodintenl, the invention includes an aneslheiic agent delivery system for 
delivering balanced anesthesia to a patient through a breatlving circuit and an IV which includes: (1) 
an nncslholic gas supply havhig a controller for controlling the amount of vola(ilc anesthetic agent 
provided by the supply to the breathing circuit; (2) in\ intravenous anesthetic agent supply having a 
controller for controlling the amount of IV anesthetic agent administeied to the patient intravenously; 
(.^) an inspired gos analyzer for analyzing the concentration of anesthetic gas in the breathing circuit; 
(4) m expired gns analyxer for analyzing the patient's breaOi for concenlrntion of at least one 
substnncc indicative oJ' anesthetic agent concentrations intlic patient's bloodstream tliat provides at 
least one signal to indicate the anesthetic agent concentration delivered to the patient; and (5) a 
system controller connected to each of the anesthetic supphes which receives the signal and controls 
the amount of anesthetic figents administei-ed based, on the signal. 

In still a further cmbodinienr, the invention includes an apparatus for administering balanced 
anesthesia to a patient including: (I ) at least one supply of at least one intravenous anesthetic agent; 
(2) intravenous delivery means for controUably delivering the intravenous anesthetic agent to the 
patent; (3) at least one supply of at.lcast one inhalational anesthetic agent; (4) a breathing circuit for 
delivery of said inhalational anesthetic agent; (5) an inspired gas analyzer for analyzing gas in the 
breathing circuit for the inhalational agent; (6) an expued gas analyzer for analyzing the patient's 
breath for concentration of at least one substance indicative of anesthetic agents in the patient's 
bloodstream that provides a signal to indicate mcsthctic agent concentration deliverer! to thcpaticnl; 
(7) a system controller connected to the intravenous delivery means wliich receives the signal and 
conlrols the amount of anesthetic agent based on tlie signal; and (8) a system controller connected to 
the brealhing circuit which receives tlic signal and controls the amount of anesthetic agent based on 
the signal, 
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Anoihcr cmbocliiuciit iiicludas a device for detecting target substances in a breathing circuit 
including: ( J ) at least one surlace-ncoustic wave sensor capable of detecting the presence of Uie Uirgel 
siib^stancc in inspired Dnd/or expired gas, wherein tlie sensor responds to the (mget substance by a 
shi(l in the resonant frequency; (2)an oscillator circuit having the sensor as an active feedback 
element; (3) a frequency counter in communication with the oscillator circuit to measure oscillalton 
frequency which corresponds to resonant frequency of the sensor; and (4) a processor for comparing 
Ibe oseillnlion frequency with a previously measured oscillation frequency of the target substance 
and dctcnnining presence and concentration of the target substance therefrom, 

Anoihcr embodiment includes a device for detecting target substances in a breathing circuit 
intiUiding: (1) a scjisor having im array of polymers capable of detectine the presence of the target 
subslnnce in inspired nnd/or expired gas, wherein the sensor responds to tlic target substance by 
clianging the resistance in each polymer resulting in a patlern change in the sensor array; (2) a 
processor for receiving the change in resistance, comparing the chdngc in resistance with aprcviously 
nu^asurcd change in resistance, and identifying the presence of the target substance from the pattern 
change and Ihe concentration of the substance from the amplitude. 

['lease inseit t he following paragraphs at page 15. betiinninc at lino 10 of the siieeification : 

Intravenous IVAnc^sthcsia Delivery 

Inuring intravenous anesthesia, anesthetic agents are administered directly into a patient's 
bloodstream rather than administering gases through a breathing circuits Tlie administered dmg may 
bind to proteins circulating in the blood, be absorbed into fat or exist in a "free" form. Drug bound to 
protein or absort)cd tn fat docs not produce a phamiacological effect and exists In equiHbrium with 
unbound drug. Numerous factors, including competition for binding sites on the protci n i roni other 
drugs, llic amount offal in the body and the amount of protein produced, determine the equilibrium 
between bound and ujibmiud drug. Unbound drug may participate directly in the pharmacological 
effect or be mctaboli/cd into a dnig that produces the effect. Metabolism of the active drug often 
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leads to lis removal from the bloodstream and lermination of its effect. The drug effect can also be 
tcrniinalcd by the excretion of the free drug. Free drug or a metabolite can be excreled in tlie urine or 
the digestive trad or in exholed breath. The concentration in the blood (or plasma or serum) of such 
agents (e.g., propofol, alfcntanil and rcmifentanil) is related to the cliniciil effect of the agent, 

Generally, the exhalation gas stream comprises sequences or stages. At the beginning of 
exbnhilion there is an initial stage, the gas representative Ihereof coming from an analomicaily 
inactive (dcadspacc) part of the respiratory system, in other words, from the mouth and upper 
respiralory tracts, 'lliis is followed by a plateau sUxge. Early in the plateau stage, the gas is a mixture 
ofdead$pace and mctaholically active gases. Tlie lost porlioii of the exhaled breath comprises 
nothing but deep lung, so-called alveolar gas' lliis gas, which comes from tlie alvcoH, is lonned end- 
tidal gas. In one embodiniont, the exhaled breath sample is collected at end-lidal breathing, 
fechnology similar to that used for end-tidat carbon dioxide monitoring can be used to detenninc 
when the sample is collected. Airway pressure measurements afford another means of collecting 
samples at the appropriate phase of the respiratoiy cycle. Single or multiple samples collected by the 
side stream method arc pieferable, but if sensor acquisition time is reduced, in-line sampling may be 
used. \\\ Ihc former, samples aixj collected through an adapter at the proximal end of the endotracheal 
tube and drawn through thin bore tubing to the sensor chambej\ Depending on the sample size and 
deieclor response lime, gas may be collected on successive cycles. With In-line sampling, the sensor 
is j)laccd proximal to the RT lube directly in tlic gas stream. Alternatively to sampling end-tidal gas, 
samples can be tiikcn throughout the exhalation phase of respiration and average value determined 
and correlated wilh blood concentration. 

The conccnU^tion of an anesthetic agent in the body is regulated both by the amount of the 
agent administered over a given time period and the rate at which the agent is olinu'natcd from the 
body (nielabolism). 11ic present invention provides the steps of administering an agent to the subject 
and analyzing exhaled breath of the subject for concentration of unbound substances, active 
mctrtbolilea, or inactive metabolites after a suitable time period; the concentration indicates a 
cliaracleristic of metabolism of the agent in the subject. The method may further include using a flow 
sensor to delect starting and completion of exhalation. The method further includes providing results 
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from the analysis and controlling the infusion pump for delivering the Intravenous anesthc5iia agent 
based on the results. Moreover, a CI*U may be provided u& tx data processing/control ujiit for 
outoinatlcally detecting ihc signal frorn tlie How sensor to conlrol sampling of exh^Ucd breath. I hc 
CPl J may forther provide the analysis and control of the infusion piunp or other administering means. 

Methods for adniintstcring the agent are readily understood by those skilled in the art. I'or 
example, an infusion pump may bo used. Compounds may be cilso administered parcntcrally, 
sublingually, Iransdermally^ by i.v. bolus, and by continuous infusion. A number of suitable agents 
arc available for administraljon as also known by tliose skilled in llic art (Rcmifentanil - Olaxo 
Wellcome, Propofo! - Zcncca). Agents may also be those of amnesia, analgesia, muscle relaxation, 
and st'dntioa agents or a combination thereof. Agents may be administered in an amount for 
anolficsia, conscious sedation, or unconsciousness as known in the ai't. Patient characteristics may 
also be monitored during administration of llie agent. 

Concentration in the blood as measured by the breath analysis of the present invention for free 
agents or n^elalioliies may ind icatc when the patient is receiving an anesthetic concentration (a high 
dose), an analgesic concentration (a low dose), or emerging from anesthesia as a result of a liivel that 
allows for fnl) recovery. Even if tlierc is wide vai'iation in the metabolism or rcsponsc to an 
anesthetic agent, knowledge of the exlialcd breath concentration allows the anesthesiologist lo know 
if the drug is accunmlating in the blood, possibly leading to a dangerously deep level of anesthesia 
and/or a prolonged recovery time: or, the concentration is falling, possibly leading to inadequate 
anesthesia and premature cmcrgenee. Monitoring changes in concentration arc, therefore, useful. 

In another embodiment, ilie exhalation air is measured for ficc agent and/or metabolite 
conccftlraiion cither continuously or pcriodtcally. From the exhalation air is extracted at least one 
measured free agent or metabolite concentration value. Numerous types of apparatus may be used to 
carry out the method of the present invention. In one embodiment, the apparatus includes a 
conventional flow clianncl tlirough which exhalation air llows. The flow channel is provided with 
sensor elcnicnls for measuring free agent or metabolite conccntmtion. Fuilhcrmorc, the apparatus 
inchules noccssaiy output elements for delivering at least a measured concentration result to tlic 
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opcirnlor, if ncccssiiiy. An alarm mechanism may also be provided. Aii instrument of similar type is 
shown in Figures 1 and 2 of U,S. Patent No. 5,971,937 incorporated herein by reference. 

In one embodiment, once tlic level of concentration i$ measured, it is given numerical value 
(for example, 50 on a scale of 1 to 100). Should the concentration fall below that value, the new 
value would be i ndical ivo of a dccTcase in concentration. Should the concentration increase beyond 
ihcU value, Ihc new value would be indicative of an increase in concentration. This numerical scale 
would allow for easier monitoring of changes in concentration. I'he numerical scale would also 
allow for easier translation into control signals for alarms, outputs, charting, and control of exlcrnnl 
devices (eg,, iufiision pump). The upper and lower limits could be set to indicate thresholds such as 
frum no tinCijIheLic el'fcct to dnngcrous ancsUietic levels. 

Anolhcr prcfencd electronic nose lechnology of the present invention comprises an array of 
polymers, for example, 32 <] if ferent polymers, cadi exposed to a substance. l£ach of tlie 32 individual 
polymers swells differently to (he odor creating a chonge in the resistance of that membrane and 
generating an analog voltage in response to that .specific suhslance (''signature"). The normalized 
chflnQ.c in resistance eun then be tiansmitted to a processor to identify the type, quantity, ojid quality 
of the siibstancc based on the paltcrn change in the sensor array. The unique response results in a 
distinct electrical fingerprint that is used to characterize the substance. The pattern of resistance 
changes of the array is diagnostic of the sample, while the amplitude of the paltcrn indicates the 
conccnirniion of the sample. 

ihc responses oflhc electronic nose to specific substances can be fully characterized using a 
combination of conventional gas sensor characteri/.ation techniques. For example, the sensor can be 
atuiched 1o a computer. 'Yho results can be displayed on the computer screen, stored, transmitted, etc. 
A data analyzer can compare a pattern of response to previously measured and characterised 
responses from known sabslances. The niatehing of those paUcms can be performed using a munbcr 
of techniques, ineluding neural networks. By comparing the analog output from each of the 32 
polymers to a '*blank'* or control, for example, a neural network can establish a pattern that is unique 
to that subsUmce find subsequently learns to recognize that substance. The particular resistor 
geometries are selected to optimize the desired response to the particular substance being sensed. The 
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sensor of ihc prcscnl iitvcn(ion is preferably a seir-calibratiug polymer system suitable for liquid or 
gas phase biological soUuioiis for a variety of substances sinnilf ancously. 

The sensor of Ihc present invention might include integrated circuKs (chips) monufcicturcd in 
a modificiJ vacunin chamber for Pulsed Laser DcposiUon of polymer coatings. It will operate the 
iimiiUnncoiis thiii-1 1 lin deposition wave detection and obtain optimum conditions for high scns^iitivi ty 
of SAW scnsons. llie morphology and microstructiirc of biosensor coalings will be characterized as 
a function of process parameterts, 

TIk sensor used ii\ the present invention may be modified so that patients can cxlmle directly 
ialo Ihc device. For example, a mouthpiece or noscpiece will be provided for iulcrfacing a pntient 
with the device to readily transmit the exhaled breath to the sensor (Sec, e.g., U.S. Patent No, 
5,042,501 ). "1 he oulput from the neural network of the modilied sensor should be similar when the 
snrne patient exhales directly into the device and when tlie exhaled gases arc allowed to diy before 
they are sampled by tl\c sensor. 

l^iic humidity in the exhaled gases represents a problem for certahi electronic nose devices 
(albeit not SAW sensors) Qiat only work with "diy" gases. When using such humidity sensitive 
devices, the present invention may adapt such electronic nose technology so that a patient can exhale 
directly into the device with a means to dehumidify the samples. This is accomplished by including a 
conimcrcial dchumidifier or a heal moisture exchanger (HME), a device designed to prevent 
desiccation of the airway during ventilation with dry gases. Alternatively, the patient may exhale 
through their nose wliich is an anatomical, physiological dehumidifter to prevent dehydration during 
nomial respiration, Al ternativcly, the sensor device can bo fitted with a preconcenlrator, which has 
some of the properlici? of a GC column. The gas sample is routed through the preconcenlrator before 
being passed over Ihc sensor array. By heating and volatilizing the gases, humidity is removed and 
the compound being mciisurcd (analytc) caji be separated from potential interfercnls. 

Preferably, in operation, the sensor will be used to identity a baseline spectrum for the patient 
prior to delivery, i f necessary . This will prove beneficial for tlic detection of more than one drug if the 
patient receives more than one dmg at a time and possible interference from diffcrcnt foods and odors 
in the stomach, month, esophagus and lungs. 
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hhahlional Anesthesia 

Fnhfihaion agciUs are generally administered through a breathing sysleni. A breathing system 
is on flwsscmbly of components which connects thepalient^s airway to tlic ancslbeiic machine, from 
AwA into which the patient brcalhcs. As known in the art, such systems generally include a fresh gas 
enlry porl/dcHvery tube through which the gases arc delivered from the machine; a port to connect it 
to tlic paiienl's aimay (oral airway, mask, endotracheal tube); a reservoir for gas; a cxpiratoiy 
port/valve through which the cxi^ircd gas is vented to the atmosphere; a carbon dioxide absorber (for 
risbrcalhing); and tubes for connecting tlicse components. Flow directing valves may or may not be 
used. 

In m cmbodimenl, sidc-slrcam monitoring is used. Moreover, a w^Uer trap, dcsiccant and/or 
filter may be used to remove water vapor and condensation from tJ-ic sample, llic device of the 
present invention continuously samples and measures inspired and exhaled (cnd-lidal) conccnb-ations 
of rcspiniloiy gases. The monitored gases are both the physiologic gases found in the exhaled breath 
of palicntM (oxygen, carbon dioxide, and nitrogen), as well as those administered to die patient by the 
anasthcsiologisl in order to induce and maintain analgesia and anci^tbesia. 

The sensors of the present invention may also monitor purity of gases at the entry port (fresh 
gas enlry) and/or ojirrlcr gases. If multiple volatile anesthetic agents arc connected to the circuit, an 
appropriate number of sensors may bo included to detect each of such agents at the respective entry 
points as well as prior to inspiration. 

Any number of sensors may be used at various points in tlic circuit to accomplish the desired 
monitoring, AH of the sensors may connect to a single processor for analysis or use multiple 
processors. Similarly, die results of the monitoring may be displayed tlirough a single display device 
or multiiilc display devices as desired. The method ajid apparatus of the present invention will detect 
and quanlitatc the concentration of the target substances, 
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gleasftlnscrt the following paraemnh at pag e 26. bcfiinnipg at lino 21 nFthe spccificalimv 

Moreover, sensing Hntibiotics with the cxlialed breatli detection method of the present 
invention, would allow for use of the method as a surrogate for blood antibiotic concenlratiou. 'fh Is 
would also be true for a wide range of medications for which blood concentration would be vaUiablc. 
Fxhalcd breaih dclcction using the method of the present invention may also evaluate 
phamiacodynamics and pbarmacokiiictics for botli drug studies and in individual patients. Moreover, 
it may bo used to sense endogenous compounds such as glucose, ketones and electrolytes which arc 
normally found in blood. 
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